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HQHUJ\ LV WUDQVIHUUHG WR WKHPDWHULDO WR LQGXFHVRPHFKDQJHV LQ LW 7KLV LQLWLDOSURFHVVRFFXUV LQYHU\VKRUW WLPH
DSSUR[LPDWHO\HTXDOVWRWKHODVHUSXOVHGXUDWLRQVDQGUHTXLUHVRSKLVWLFDWHGKLJKVSHHGHTXLSPHQWWRYLVXDOL]HWKHP
7KHLQLWLDOSURFHVVLVIROORZHGE\RWKHUVORZHUSURFHVVHVVXFKOLNHSKDVHFKDQJHVRIWKHPDWHULDOLQWHUDFWLRQVZLWK
VXUURXQGLQJ DWPRVSKHUHVPRYHPHQW DQG VKDSH FKDQJH RI WKHPDWWHU DQG WKHUPDO DQGPHFKDQLFDO HIIHFWV 7KHVH
FKDQJHV RFFXU ERWK LQ WLPH DQG VSDFH DQG LW LV HVVHQWLDO WR REVHUYH QRW RQO\ WKH WLPH YDULDWLRQV RI SK\VLFDO
SDUDPHWHUVDWDIL[HGSRLQWEXWDOVRWKHVSDWLDOFKDQJHVRIWKHSURFHVVLQWLPH
7KHUHIRUHZH KDYH GHYHORSHG D FXVWRPGHVLJQHG KLJKVSHHG YLGHRJUDSK\ V\VWHP GHVLJQDWHG ³KLJKVSHHG ODVHU
VWURERVFRSLFYLGHRJUDSK\+6/69´WRREVHUYHVXFKODVHULQGXFHGSURFHVVHVLQZLGHWLPHVFDOHVIURPPLFURVHFRQGV
WRVHFRQGVZLWKDPRGHUDWHVSDWLDOUHVROXWLRQ7DQDEHHWDO8VLQJWKLVV\VWHPZHDUHDEOHWRDFTXLUHLPDJHV
FRQWLQXRXVO\ DW LQWHUYDOV DV VKRUW DV  PV DQG DW D KLJK WLPH UHVROXWLRQ RI OHVV WKDQ  QV 7KH WHFKQLTXH LV D
FRPELQDWLRQ RI D KLJKVSHHG YLGHR FDPHUD ZLWK D KLJKUHSHWLWLRQ UDWH VKRUW SXOVH ODVHU DQG LWV UHFRUGLQJ VSHHG
GHSHQGVRQWKHUHSHWLWLRQUDWHVRIWKHFDPHUDDQGWKHODVHU$WSUHVHQWERWKUHSHWLWLRQUDWHVDUH0+]DWWKHKLJKHVW






VXEMHFW WRVKRWWRVKRW IOXFWXDWLRQVRI WKHHYHQW2XU+6/69WHFKQLTXHFDQUHFRUGFRQWLQXRXV LPDJHVIRUDVLQJOH





2.1. Basic system 
2XUKLJKVSHHGYLGHRJUDSK\V\VWHPZDVLQLWLDOO\GHYHORSHGIRUG\QDPLFDOREVHUYDWLRQRQUDSLGVKDSLQJRIDWKLQ











OLNH D VWURERVFRSH DQG LW LV PXFK VKRUWHU WKDQ VKXWWHU VSHHG RI WKH YLGHR FDPHUD  /DVHU SXOVH HQHUJ\ RI




PRUH FDPHUDVZKLOH WLPLQJ RI HDFK IUDPH UHFRUGHG LQ GLIIHUHQW YLGHRV LV H[DFWO\ V\QFKURQL]HG EHFDXVH WKH HDFK
LOOXPLQDWLQJODVHUSXOVHLVRULJLQDWHGIURPVLQJOHSXOVH
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VFDOH DQG IRU DPXOWLSOH LUUDGLDWLRQ HYHQW/DVHUEHDPVDUH H[SDQGHG WR LOOXPLQDWH DUHDV DERXW[PPDQG
QHXWUDOGHQVLW\ILOWHUVDQGEHDPDWWHQXDWRUVDGMXVW WKHLU LQWHQVLW\ ,PDJHVDUHPDJQLILHGE\FRPELQDWLRQRIVLPSOH
OHQVHV WR DSSURSULDWH VFDOH DQG SURMHFWHG RQ WR WKH FDPHUDV WKURXJK D EDQGSDVV ILOWHU DW  QP2WKHU RSWLFDO
FRPSRQHQWVVXFKDVZDYHSODWHVSRODUL]HUVRUDNQLIHHGJHDUHSODFHGLQRSWLFDOSDWKZKHQQHHGHG
'\QDPLFDOYLVXDOL]DWLRQVWKURXJKKLJKVSHHGODVHUVWURERVFRSLFYLGHRJUDSK\
3.1. Laser peening  
7HFKQRORJLHV RI ODVHU SHHQLQJ KDYH EHHQ DSSOLHG LQ LQGXVWU\ WR LPSURYH WRXJKHQV DQG KDUGQHVV RIPDWHULDOV
HVSHFLDOO\RIPHWDOVXUIDFHV,QPDQ\FDVHVODVHUSHHQLQJLVFDUULHGRXWZLWKVRPHVDFULILFLDOOD\HUVRUXQGHUOLTXLGV
WRREWDLQKLJKHUVWUHVVDQGSURWHFW WKHSHHQHGVXUIDFHIURPGLUHFW ODVHU LUUDGLDWLRQ/DVHUSHHQLQJXQGHU OLTXLGV LV
HIIHFWLYH GXH WR VRFDOOHG FRQILQHPHQW HIIHFW RI WKH OLTXLG OD\HU RQ ODVHULQGXFHG SODVPD ,W LV UDWKHU GLIILFXOW WR




WDUJHWV 7KH ODVHU LQGXFHG VWUHVV ILHOG ZDV YLVXDOL]HG DV D SKRWRHODVWLF LPDJH ZKLOH WKH VWUHVV ZDYH DQG
SODVPDEXEEOH G\QDPLFV LQ OLTXLGV ZDV UHFRUGHG DV VKDGRZJUDSKV (DUOLHU SKDVH RI WKH SHHQLQJ SURFHVV ZDV




ZLWK WKH VLPXOWDQHRXVREVHUYDWLRQRI WKHGHYHORSPHQWRI VWUHVV IULQJHV LQ WKH VROLG VDPSOH1JX\HQHW DO 
,WZDVYHULILHGWKDWQXPEHURISKRWRHODVWLFIULQJHVZDVDPHDVXUHRIWKHPDJQLWXGHRIVWUHVVLQVLGHWKH
VROLG 7KHYLGHRV FOHDUO\ VKRZHG WKDW WKH VHFRQGDU\ VWUHVV ILHOG DQG VKRFNZDYHVZHUHJHQHUDWHGZKHQ WKH ILUVW
FDYLWDWLRQEXEEOHFROODSVHGDQGLWVPDJQLWXGHVZHUHDSSUR[LPDWHO\RIWKHILUVWVWUHVVHVLQGXFHGZKHQWKHILUVW
EXEEOH ZDV JHQHUDWHG (IIHFWV RI ZDWHU OD\HU WKLFNQHVV RQ ODVHULQGXFHG VWUHVV ZHUH YLVXDOL]HG DQG HVWLPDWHG
7DQDEHHWDO
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3.2. Dynamics of laser-induced cavitation bubble 
5HVXOWV VKRZQ LQ WKHSUHYLRXV VHFWLRQ VXJJHVWV WKDWRXU+6/69V\VWHP LV VXLWDEOH IRU VWXGLHVRQG\QDPLFVRI
ODVHU LQGXFHG FDYLWDWLRQ EXEEOHV LQ OLTXLGV &DYLWDWLRQ EXEEOH G\QDPLFV LQ OLTXLGV KDYH EHHQ VWXGLHG LQ IOXLG
PHFKDQLFV DV ZHOO DV PHFKDQLFDO LPSRUWDQFH RI FDYLWDWLRQ HURVLRQ 9RJHO DQG /DXWHUERUQ  6DVRK HW DO
/DXWHUERUQDQG9RJHO)LJXUHDUHSLFNHGXSLPDJHVIURPDYLGHRWRVKRZWKHWLPHHYROXWLRQRID




















DW PV DQG PV ZKHQ WKH ILUVW DQG WKH VHFRQG EXEEOH FROODSVH (IIHFWV RI OLTXLG YLVFRVLW\ RQ WKH EXEEOH
G\QDPLFVKDYHUDUHO\EHHQVWXGLHGVRIDU1XPHULFDOVLPXODWLRQVWXG\KDVUHSRUWHGWKDWHIIHFWVRIWKHYLVFRVLW\DUH
UDWKHUVPDOOEXWZHGRQRWILQGDQ\H[SHULPHQWDOVWXG\RQWKLVLVVXH:HXVHGVLOLFRQRLOVZLWKZLGHUDQJHRINLQHWLF
YLVFRVLWLHV9LVFRVLW\GHQVLW\DQGUHIUDFWLYH LQGH[RIZDWHUDQGVLOLFRQRLOVXVHGDUH OLVWHG LQ WDEOH6LOLFRQRLOV








0HGLD 9LVFRVLW\F6W 'HQVLW\NJP 5HIUDFWLYHLQGH[
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GLVWDQFHGHFUHDVHGZLWKNLQHWLFYLVFRVLW\ VXJJHVWLQJ WKDW WKLV SKHQRPHQRQZDVGULYHQE\ OLTXLG IORZDURXQG WKH
EXEEOH7KLV VHTXHQFH UHSHDWHGVHYHUDO WLPHV IRU ORZHUYLVFRVLW\ OLTXLGVZLWK IRUPDWLRQRIPRUH LUUHJXODU VKDSHG
DQGVPDOOHUEXEEOHVZKLOHRQO\RFFXUUHGDIHZWLPHVIRUKLJKHUYLVFRVLW\OLTXLGV,QWKHKLJKHVWYLVFRVLW\RI
F6W WKH ILUVW EXEEOH GLG QRW FRPSOHWHO\ FROODSVH DQG IRUPHG D SHUPDQHQW EXEEOH VXVSHQGHG LQ WKH OLTXLG :H
FRQVLGHUWKDWWKHVLOLFRQRLOPLJKWSRO\PHUL]HGXHWRWKHKHDWRIODVHUJHQHUDWHGSODVPDDQGIRUPHGDEDOORRQOLNH
EXEEOH
3.3 Micromachining on hard and brittle materials by a femtosecond laser 
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GHSHQGV RQ WKH QXPEHU RI LUUDGLDWHG SXOVHV :H KDYH PRGLILHG WKH +6/69 V\VWHP WR DOORZV XV WR YLVXDOL]H
PDFKLQLQJG\QDPLFVRIHDFKSXOVHLQFRQWLQXRXVPXOWLSOHSXOVHLUUDGLDWLRQV7KHV\VWHPZDVEDVHGRQWKHVHFRQG
V\VWHP GHVFULEHG LQ WKH VHFWLRQ  $Q XOWUDIDVW IHPWRVHFRQG ODVHU ZDV XVHG LQ SHUFXVVLRQ GULOOLQJ RI KDUG






LIZH VHW WKHGHOD\ LQPV LQFUHPHQW DQG WDNH VHULHVRIYLGHRVZHFDQ UHFRQVWUXFW DPV LQWHUYDOYLGHRHYHQ
WKRXJKWKHYLGHRLVQRWUHFRUGHGIRUVLQJOHHYHQW
,Q FDVHRISXOVH ODVHUSURFHVVLQJSXOVHGXUDWLRQ UHSHWLWLRQ UDWH DQGSXOVHRYHUODSKDYH DOVRJUHDW LQIOXHQFH LQ
SURFHVVLQJUHVXOWV7KHVHSDUDPHWHUVIUHTXHQWO\LQIOXHQFHHDFKRWKHUDQGWKXVRXUXQGHUVWDQGLQJVRIODVHUSURFHVVLQJ
EHFRPHGLIILFXOW ,QPDQ\FDVHV WKHUHIRUH WKHHIIHFWVRIDVHWRISDUDPHWHUVDUHFRPSDUHGZLWKRWKHUVHWVRQ WKH
EDVHVRIREWDLQHGUHVXOWVREVHUYHGDIWHUWKHSURFHVVDQGWKXVWKHUROHRIWKHVHSDUDPHWHUVDUHQRWFOHDU0RVWVWXGLHV
RQG\QDPLFVRIODVHUDEODWLRQLQPDFKLQLQJLQFOXGLQJRXURZQVWXGLHVKDYHLQYHVWLJDWHGRQVLQJOHSXOVHG\QDPLFV
DQG WKHFKDQJHRIG\QDPLFVGXH WRPXOWLSOHSXOVHVKDVQRWEHHQ VWXGLHG LQGHWDLO0DQ\ ODVHUDEODWLRQSURFHVVHV
KRZHYHUUHTXLUHPXOWLSOHSXOVHLUUDGLDWLRQVRQVLQJOHSRLQWIURPWRSXOVHVRUPRUH,QWKHVHFLUFXPVWDQFHV
HDFKODVHUSXOVHLQWHUDFWVZLWKPDWHULDOXQGHUGLIIHUHQWFRQGLWLRQVEHFDXVHWKH\ZRXOGFKDQJHZLWKSUHFHGLQJSXOVHV
$EODWLRQG\QDPLFVZRXOGDOVRFKDQJHZLWKQXPEHURI LUUDGLDWHGSXOVHV2XUSXUSRVH LV WRREVHUYH WKHFKDQJHRI
DEODWLRQG\QDPLFVZLWKQXPEHURILUUDGLDWHGSXOVHV
)LJXUHD LOOXVWUDWHVRSWLFDO DUUDQJHPHQW IRUREVHUYDWLRQRISHUFXVVLRQGULOOLQJRQFHPHQWHG WXQJVWHQFDUELGH
:&VDPSOH'LDPHWHURIGULOOHGKROHLQFUHDVHGUDSLGO\LQLQLWLDOWHQWRWZHQW\SXOVHVUHDFKHGDSODWHDXXQWLO
SXOVHVDQG WKHQJUDGXDOO\ LQFUHDVHGDJDLQ(IIHFWVRI WKHODVHUSXOVHHQHUJ\IRFXVSRVLWLRQDQGSRODUL]DWLRQKDYH
EHHQVWXGLHG ,W LV UDWKHUGLIILFXOW WRFRPSUHKHQG WKHFKDQJHV LQ WKHSURFHVVIURPVWLOO LPDJHVSLFNHGXSIURPWKH
YLGHRHYHQWKRXJKZHFRXOGFRPSUHKHQGVRPHFKDQJHVLQYLHZLQJWKHYLGHR6RZHWULHGWRFRQVWUXFWVXEWUDFWLRQ
GLIIHUHQWLDOLPDJHVLQZKLFKRQO\WKHFKDQJHRFFXUUHGLQWZRLPDJHVZDVHQKDQFHGDQGH[WUDFWHG7ZRVXEVHTXHQW
LPDJHVDUHSLFNHGXS IURP WKHYLGHRDQGDGLIIHUHQWLDO LPDJHRI WKH WZRZDVPDGH)LJXUH VKRZVH[DPSOHVRI























































FRXOGQRWREVHUYH VXFKGRWV DW RWKHUSXOVHV HJ DW QG SXOVH VKRZQ LQ WKHPLGGOH URZ7KHVHSDLU RI GRWV LV
VKDGRZVRIRQHHMHFWHGSDUWLFOHDVHMHFWHGGHEULVDSSHDUDVSDLURIEODFNGRWV LQ WKHLPDJHRQHSDUWLFOH LQWHUVHFWV
























WKHGHEULV DSSUR[LPDWHO\PV LQDYHUDJHEXWYDULHV IURPSDUWLFOH WRSDUWLFOH7KHVL]HRISDUWLFXODWHGHEULVDOVR
YDULHVEXW WKHLU DYHUDJH VL]H LV HVWLPDWHG WREH DSSUR[LPDWHO\PP ,Q VRPHFDVHV WZRRUPRUHSDUWLFOHVZHUH
HMHFWHG IRURQH ODVHUSXOVHDQGILJXUHVKRZVVWDWLVWLF UHVXOWVRI WKHSDUWLFOHHMHFWLRQDVD IXQFWLRQRI LUUDGLDWHG
















(IIHFWV RI PXOWLSOH ODVHU LUUDGLDWLRQV ZHUH YLVXDOL]HG LQ VLWX LQ IHPWRVHFRQG ODVHU GULOOLQJ RQ:& +/69 LV
FDSDEOHWRYLVXDOL]HWKHG\QDPLFVRIODVHUDEODWLRQLQGXFHGE\HDFKVLQJOHSXOVHIURPFRQWLQXRXVO\LUUDGLDWHG,N+]
ODVHU SXOVHV (MHFWLRQ RI SDUWLFXODWHV IURP WKH GULOOHG KROH RFFXUUHG LQWHUPLWWHQWO\ DQG ZH FRXOG DQDO\]H WKLV
SKHQRPHQRQVWDWLVWLFDOO\
7KH+6/63 WHFKQLTXH LQZKLFK D KLJKVSHHG YLGHR FDPHUD LV FRPELQHGZLWK KLJKUHSHWLWLRQ UDWH VKRUW SXOVH
ODVHULVDTXLWHYHUVDWLOHDQGSRZHUIXOWRROLQG\QDPLFDOVWXGLHVRIIDVWSKHQRPHQD
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